Abstract -The objective of this work was to evaluate yield and chemical composition of oyster mushroom strains newly introduced in Bangladesh. Strains of Pleurotus high-king (strain PHK), P. ostreatus (strain PO2), and P. geesteranus (strains PG1 and PG3) were evaluated as to yield components and proximate composition. Pleurotus ostreatus was used as control. Pleurotus high-king showed fastest growth of primordia, but moderate flush of effective fruiting bodies. Pleurotus geesteranus (PG1) showed higher economic yield and biological performance, and better chemical composition, especially in terms of protein and mineral contents. Pleurotus geesteranus (PG1) shows better performance than P. ostreatus (PO2), the most commercially cultivated edible species in Bangladesh, and, therefore, it should be recommended for commercial cultivation.
Introduction
Oyster mushrooms are a diverse group of saprotrophic fungi belonging to the genus Pleurotus (Kong, 2004) . According to Croan (2004) , these mushrooms are a good source of non-starchy carbohydrates, with high content of dietary fiber and moderate quantity of proteins, including most amino acids, minerals, and vitamins. The protein content varies from 1.6 to 2.5%, and the niacin content is about ten times higher than that of any other vegetable. Moreover, Randive (2012) reported that oyster mushrooms are rich in Vitamin C, B complex, and mineral salts required by the human body.
Mushroom production in rural communities can alleviate poverty and improve the diversification of agricultural production (Godfrey et al., 2010) . For successful cultivation, it is important to select high-yielding strains. However, the production and yield performance of commercial strains of mushrooms tend to decrease after consecutive subculturing (Naraian et al., 2011) . Therefore, more information about this genus and its species is necessary to identify good strains to ensure continuous yield improvement (Uhart et al., 2008) and to screen the efficient varieties for Bangladesh.
Oyster mushroom can grow at moderate temperatures, ranging from 20 to 30°C, and at a humidity of 55-70%, on various agricultural waste materials used as substrate. Because of its flexible nature, the Pleurotus genus is more cultivated than Pesq. agropec. bras., Brasília, v.48, n.2, p.197-202, fev. 2013 DOI: 10.1590/S0100-204X2013000200010 any other mushroom species (Rosado et al., 2002) . The climatic conditions and seasonal diversity of Bangladesh is ideal for the cultivation of the oyster mushroom . The collection of the National Mushroom Development and Extension Centre (Namdec) in Bangladesh includes different strains of oyster mushrooms. In recent years, four new strains have been introduced: Pleurotus high-king (PHK), P. ostreatus (PO3), and P. geesteranus (PG1 and PG3). However, the performances of these strains have not yet been properly investigated in the climatic conditions of Bangladesh. Moreover, studies concerning the nutritive analysis of oyster mushrooms are not available in the country.
The objective of this work was to evaluate yield and chemical composition of oyster mushroom strains newly introduced in Bangladesh.
Materials and Methods
The experiment was carried out at the Biochemistry Laboratory and Mushroom Culture House (MCH) of the Department of Biochemistry of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. Pleurotus mycelia colonized packets, weighing 500 g each, obtained from Namdec, were used. The cultivation substrate consisted of wheat bran-supplemented sawdust in a polypropylene bag sealed with cotton wool and sterilized at 121°C for 20 min. Mycelia culture of the four newly introduced oyster mushroom strains, namely P. high-king (PHK), P. ostreatus (PO3), P. geesteranus (PG1), P. geesteranus (PG2), and P. ostreatus (PO2), was inoculated separately. Pleurotus ostreatus (PO2) was used as the control, since it is the most commercially cultivated edible strain in Bangladesh.
For each evaluated Pleurotus strain, three replicate bags were prepared and incubated at five different plots in the MCH, for full colonization of the substrate. Once fully colonized, induction of fruiting was done by cutting a "D" shape with a sterilized blade at the opposite end, in the upper position of the culture bags. The cut plastic sheet was then removed. The opened surface was scraped slightly to remove the thin, whitish mycelial layer. Then, the culture bags were soaked in water for 15 min and inverted to remove excess water for another 15 min. The packets of each mushroom species were placed separately, side-by-side, on the floor of the culture room and covered with newspaper. The moisture of the culture room was maintained at 80-85% relative humidity by spraying water three times per day. The room lighting was maintained at approximately 300-500 lx and ventilation was kept uniform. The temperature of the culture house was maintained between 22 and 25°C.
The number of primordia (pinhead-like appearance) was counted and recorded. Oyster mushrooms achieved maturity within two to three days after primordia initiation. The matured fruiting body was identified by the curve margin of the cap, as described by Amin et al. (2007b) . Mushrooms were harvested by twisting to uproot from the base.
Fully developed fruiting bodies were counted to determine the number of effective ones; tiny and deformed fruiting bodies were discarded at the time of counting. To obtain the average weight of individual fruiting bodies, the weight of each flush was taken and divided by the number of fruiting bodies. Average length, breadth, and thickness of three randomly selected pili (cap) were measured (mm) using slide calipers. The length and diameter of the stipe were also measured (mm). Mean fresh weight of the three consequent flushes of each bag was calculated for total yield (g per 500 g per bag). Fruiting bodies were collected as cluster form from spawn bags. The whole cluster of fruiting bodies was considered for biological yield measurement, and the cleaned fruiting bodies (separated from cluster by removing lower tough and dirty portion) were weighted to obtain economic yield . The conversion percentage (biological efficiency) was determined (Pathmashini et al., 2008) as follows: biological efficiency (BE) = (grams of fresh weight of mushroom/dry weight of substrate) × 100.
After harvesting of the first flush, packets were scraped again in the position where the "D" shaped cut was made. The packets were soaked in a bucket for 15 min, inverted for another 15 min to remove excess water, and placed in the culture house. This practice was repeated after each flush. Water was sprayed regularly to maintain humidity (80-85%). Three flushes of each packet were harvested and recorded.
Fruiting bodies of all five oyster mushroom strains were analyzed for nutritional composition according to the Association of Official Analytical Chemists (Cunnif, 1995 (Cuniff, 1995) . The fractions (%) of protein, fat, crude fiber, and ash were added together and subtracted from 100 to obtain the total carbohydrate percentage, whereas the dry weight of nitrogen and fat free extract were calculated as the percentage of crude fiber. The data were statistically analyzed using the MSTAT-C computer package program (Michigan State University, East Lansing, MI, USA). Analysis of variance was conducted and means were compared using the least significant difference (LSD) test, at 1 and 5% probability (Gomez & Gomez, 1984) .
Results and Discussion
All the Pleurotus strains produced first primordia seven to ten days after scraping (primordia induction) ( Table 1) . Primordia emergence was fastest in P. high-king and P. ostreatus (PO2). Both strains of P. geesteranus (PG1 and PG3) exhibited slowest primordia emergence. Obodai et al. (2003) reported that pinhead formation took four to six days after the completion of spawn running, with harvest after 10 to 12 days in the case of P. ostreatus on different substrate, in the climatic conditions of Pakistan. Strain PHK also produced the highest number of primordia, followed by strains PG1 and PG3, whereas the lowest number of primordia per 500 g per bag was produced by PO2 and PO3. Islam et al. (2009) and Monadal et al. (2010) also found a significant number of primordia on P. florida (134.25 in sawdust) and P. flabellatus (44 in mango sawdust), evaluated on different substrates in Bangladesh. If the number of primordia increases, fruiting body formation and weight of fruiting body are compromised, and yield is ultimately reduced .
Strain PHK produced the highest number of mature fruiting bodies, followed by strain PO3, whereas strain PG3 had the lowest value, similar to strain PG1 (Table 1) . Although strain PHK was attractive in terms of appearance time of primordia, number of primordia, and effective number of fruiting bodies, it did not show good performance for individual weight of fruiting body. Among the tested species, the average weight of single fruiting body produced by PG1 was the heaviest, followed by strain PG3 (Table 1) . Sarker et al. (2007b) observed that the weight of single fruiting body of oyster mushrooms ranged between 1.33-1.59 g, lower than that obtained in the present study, which ranged from 2.42 to 7.42 g. These new strains may be more suitable to the climatic conditions of Bangladesh, forming heavier fruiting bodies. Uddin et al. (2011) reported that the environmental condition of Bangladesh (average minimum and maximum temperature of 14 to 35°C; relative humidity of 70-80 %) is suitable for the cultivation of oyster mushroom.
The largest diameter of the pileus was found in strain PG3 (Table 2) , which was similar to the control (Table 2) , and the smallest was recorded for strains PHK, PO3, and PG1, which showed similar results, in accordance with Monadal et al. (2010) findings. The size of the stalk and pileus is positively correlated to yield and to carbohydrate and protein Table 1 . Emergence and number of primordia, number and weight of fully developed fruiting bodies, total yield, and biological efficiency of newly introduced Pleurotus strains (1) .
(1) Means±standard error followed by equal letters do not differ significantly at 1% probability.
(2) PHK, P. high-king; PO3, P. ostreatus; PG1, P. geesteranus; PG3, P. geesteranus; PO2, P. ostreatus.
(3) Biological yield (g per bag), the whole cluster of fruiting bodies; economic yield (g per bag), cleaned fruiting bodies separated from cluster and dirty portion.
(4) BE, biological efficiency: fresh weight of mushroom (g) per dry weight of substrate (g) × 100 (Pathmashini et al., 2008 contents, respectively (Ajonina et al., 2012) . These authors observed differences in stalk length (2.43 to 3.24 cm) for P. ostreatus, whereas Monadal et al. (2010) reported a decrease in the storage quality of the oyster mushroom with the increase of the pileus and stalk diameters. In the present study, the quality of the fruiting body was not considered. However, in the case of yield, the larger the pileus size, the higher the yield. Thickness and diameter of the pileus influence fruiting body weight. The fruiting body of the control strain PO2 was thickest in comparison with the other studied strains. Thicknesses recorded ranged from 5.2 to 8.2 mm. Strain PHK showed the thinnest pileus, followed by strains PO3 and PG1. Sarker et al. (2007b) found an average thickness of pileus of 5.0 to 8.0 mm for oyster mushroom.
The highest biological yield was obtained for strain PG1, which was significantly higher than other treatments (Table 1) . Pathmashini et al. (2008) recorded 276.87 g as the highest biological yield for strain PO2 in sawdust with kurakkan spawn.
Strain PG1 also had the highest economic yield, followed by strains PG3 and PHK. Maximum biological efficiency was exhibited by strain PG1, followed by strain PG3, whereas PO2 had the lowest performance, similar to PO3. Amin et al. (2007a) and Sarker et al. (2007b) found similar yield for P. ostreatus. However, Obodai et al. (2003) reported a biological efficiency ranging from 61 to 0% for P. ostreatus. This could be due to the different substrate formulations and strain variations.
The calculated percentage of moisture and dry matter of the fruiting body ranged from 86.20 to 90.00 and from 10.00 to 13.80, respectively (Table 3) . Strain PO3 contained the highest moisture, similar to strains PHK and PO2. Alam et al. (2007) reported 87-87.5% moisture for existing Pleurotus spp. in Bangladesh. This was especially the case for P. florida and P. sajor-caju. Moisture percentage in mushroom depends on the species, maturity of fruiting bodies, and storage conditions during processing or packaging (Guillamón et al., 2010) .
Pleurotus spp. are considered good source of superior quality protein, with well distributed essential amino acids (Patil et al., 2010) . In this experiment, the highest protein content was found in strain PG1, and the remaining treatments were statistically similar (Table 3) . Chang et al. (1981) reported that the fruiting bodies of mushrooms contain 26.6-34.1% crude protein. Strain PO2 had the highest lipid content, followed by strain PHK, whereas strain PG3 contained the lowest amount of lipid, similarly to PG1. Alam et al. (2007) found similar data (4.30 to 4.41%) while evaluating P. florida and P. sajor-caju. Strain PG1 contained the highest ash percentage, followed by strains PHK and PO3, which is in agreement with Khlood et al. (2005) . All strains differed significantly from the control strain PO2 as to percentage of carbohydrate content (Table 3) . This result differed from that obtained by Chang et al. (1981) , but is supported by the findings of Alam et al. (2007) . The maximum and minimum levels of crude fiber were recorded in strains PO3 and PO2, respectively. Alam et al. (2007) obtained 24.34% fiber (in dry weight basis) when studying P. ostreatus. The strains examined in the present study showed a low-fat level, as well as a high amount of protein and fiber. Strain PG1 performed better when compared with the control strain PO2 as to protein, fat, ash, and fiber contents.
Mineral content is also important for the nutritional value of mushrooms. The species provides a reasonable amount of minerals in comparison with vegetables (Guillamón et al., 2010) . The evaluated strains differed in mineral content. Strain PG1 contained the highest percentage of nitrogen; strain PG3 of potassium, calcium, and magnesium; strain PO2 of phosphorus. As to the other characters, the strains were statistically similar (Table 4) . These results are in accordance with Chang et al. (1981) and Alam et al. (2007) , but differ from Sarker et al. (2007a) who found 0.97% phosphorus in oyster mushrooms grown on sawdust based substrates. (1) Means±standard error followed by equal letters do not differ significantly at 1% probability. Table 4 . Nutrient content of newly introduced Pleurotus strains (1) .
(2) PHK, P. high-king; PO3, P. ostreatus; PG1, P. geesteranus; PG3, P. geesteranus; PO2, P. ostreatus (control). (1) Means±standard error followed by equal letters do not differ significantly at 1% probability.
(2) PHK, P. high-king; PO3, P. ostreatus; PG1, P. geesteranus; PG3, P. geesteranus; PO2, P. ostreatus (control).
(3) Determined on dry matter basis.
(4) Carbohydrate.
